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5HVXOWVDQGGLVFXVVLRQV
4.1. Comparison of optimized results of manually input and automated algorithm  
)RU LQFKIODQJHVL]H WDUJHWEROWVWUHVVYDULDWLRQDQGVWUHVVYDULDWLRQDWKXEIODQJHILOOHWZHUHREVHUYHGDVSHU
LQGXVWULDO*DUORFN JXLGHOLQHV &RPSDULVRQ RI RSWLPL]HG WDUJHW EROW VWUHVV UHVXOWV RIPDQXDO LQSXW DQG DXWRPDWHG
DOJRULWKP DUH VXPPDUL]HG LQ 7DEOH  0D[LPXP VWUHVV DW KXE IODQJH ILOOHW XVLQJ PDQXDO LQSXW DQG DXWRPDWHG
DOJRULWKPREVHUYHGLV03DDQG03DUHVSHFWLYHO\IRUQR\LHOGLQJFDVHZKHUHDVDOORZDEOHVWUHVVYDOXHLV
03D$VWDUJHWEROWVWUHVVYDOXHVDUH03D03DDQG03DIRUVWQGUGDQGWKSDVVUHVSHFWLYHO\KRZHYHU
XVLQJ PDQXDO LQSXWV DQG DXWRPDWHG DOJRULWKPV VWUHVV YDULDWLRQ IURP WDUJHW EROW VWUHVV RI  03D DQG  03D
UHVSHFWLYHO\DUHREVHUYHG
7DEOH&RPSDULVRQRIPDQXDODQGRSWLPL]HGWDUJHWVWUHVVYDOXHV0 0DQXDOLQSXW2 $XWRPDWHGDOJRULWKP±,QFKIODQJHVL]H
64 30 32 30 32 30 32 64 30 32
%       %  
%       %  
%       %  
%       %  
%       %  
%       %  
%       %  
%       %  
%       %  
%       %  
%       %  
%       %  
4.2. Comparison of TCM and SCM for all flange sizes 
'LIIHUHQWIODQJHVL]HVDUHFRPSDUHGRQWKHEDVLVRID[LDOEROWVWUHVVYDULDWLRQJDVNHWVWUHVVGLVWULEXWLRQDQGIODQJH
KXEVWUHVVYDULDWLRQIRULQFKVL]HVXVLQJ7&0DQGIRUDQGLQFKVL]HVXVLQJ6&0
4.3. Axial bolt stress variation: 
)LJXUHVKRZWKHFRPSDULVRQRIVWUHVVYDULDWLRQDWWKHHQGRIODVWSDVVIRUDQGLQFKIODQJHVL]HV
,QFDVHRIEROWVIODQJHVL]HVWUHVVYDULDWLRQLVKLJKHUIRULQFKVL]HDVFRPSDUHGWRLQFKVL]H,QFDVHRIEROW
IODQJHVL]HVWUHVVYDULDWLRQ LVKLJKHU LQ LQFKVL]HFRPSDUHGWR LQFK ,QFDVHRIDQG LQFKVL]HV WLJKWHQHG
DFFRUGLQJ WR6&0 VWUHVV YDULDWLRQ LV OHVV DV FRPSDUHG WR DOO RWKHU VL]HV ,Q FDVH RI   DQG LQFK IODQJH VL]HV
PD[LPXP YDULDWLRQ LV 03D 03D 03D UHVSHFWLYHO\ ZKLOH LQ FDVH RI  DQG  LQFK VL]HV PD[LPXP
GLIIHUHQFHLV03DDQG03DUHVSHFWLYHO\
4.4. Gasket Stress distribution: 
)LJXUHVKRZWKHFRPSDULVRQRIJDVNHWVWUHVVGLVWULEXWLRQIRUGLIIHUHQWIODQJHVL]HVDWWKHHQGRIODVWSDVVLQFK
IODQJHVL]HVKRZVKLJKHVWYDULDWLRQEXWJDVNHWVWUHVVLVXQLIRUPDVWKHIODQJHVL]HLQFUHDVHVVXFKDVLQFKIODQJHVL]H
XVLQJ7&0,QFDVHRIDQGLQFKVL]HVLWLVREVHUYHGXQLIRUPXVLQJ6&00D[LPXPGLIIHUHQFHLQFDVHRI
DQG  LQFK IODQJH VL]HV LV 03D 03D DQG 03D UHVSHFWLYHO\ DQG LQ FDVH RI  DQG  LQFK IODQJH VL]HV
PD[LPXPGLIIHUHQFHLV03DDQG03DUHVSHFWLYHO\ZKLFKLVDOPRVWQHJOLJLEOHGLIIHUHQFH
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)LJ$[LDOEROWVWUHVVYDULDWLRQRIGLIIHUHQWIODQJHVL]HV


)LJ*DVNHWVWUHVVGLVWULEXWLRQIRUGLIIHUHQWIODQJHVL]HV
4.5. Hub flange stress variation: 
)LJXUHVKRZKXEIODQJHVWUHVVYDULDWLRQIRUGLIIHUHQWIODQJHVL]HV,QFDVHRIDQGLQFKVL]HVKXEIODQJH
YDULDWLRQLVWDNHQDORQJIRUDOOSDVVHV,QFDVHRIDQGLQFKVL]HVVWUHVVYDULDWLRQLVWDNHQDW+)0D[LPXP
KXEIODQJHVWUHVVYDULDWLRQLVREVHUYHGLQLQFKIODQJHVL]HDQGPLQLPXPYDULDWLRQLVREVHUYHGLQLQFKIODQJH
VL]HV+RZHYHUVWUHVVYDULDWLRQLVXQLIRUPDWWKHHQGRIHDFKSDVVEXWLQFDVHRILQFKIODQJHVL]HWKHUHLVYDULDWLRQ
LQ WKHODVWSDVVDVZHOO0D[LPXPIODQJHVWUHVV LQFDVHRI LQFKVL]HLV03DDQGLQFDVHRILQFKVL]HLW LV
03D
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)LJ+XEIODQJHVWUHVVYDULDWLRQ
&RQFOXVLRQV
)URPGHWDLOHG)($DQDO\VLVRIEROWHGIODQJHMRLQWVIROORZLQJFRQFOXVLRQVDUHPDGH
x :LWKDQLQFUHDVHLQWKHIODQJHVL]HWKHUHLVOHVVYDULDWLRQLQEROWVJDVNHWDQGIODQJHVWUHVVHV+RZHYHULQVPDOO
IODQJHVL]HVWKHVHYDULDWLRQVDUHFRPSDUDWLYHO\ODUJH
x 2SWLPL]DWLRQRIEROWHGMRLQWVEULQJEROWSUHORDGDOPRVWFORVHWRWKHGHILQHGWDUJHWVWUHVVDVHUURUVDUHPLQLPL]HG
LQDXWRPDWLFEROWXSE\03DFRPSDUHGWRPDQXDOKLWDQGWULDORISUHORDGRI03D
x &UHDWLQJPDFURVIRUZULWLQJUHTXLUHGYDOXHVLQRXWSXWILOHDQGVHWWLQJEROWSUHORDGYDOXHVDXWRPDWLFDOO\VDYHV
VLJQLILFDQWFRPSXWDWLRQDOWLPHDVFRPSDUHGWRPDQXDOPHWKRG
x 6LPXOWDQHRXVVLPXODWLRQVFDQEHUXQDWDWLPHDVGHVLUHGZLWKRXWDQ\PDQXDOLQWHUDFWLRQGHSHQGLQJRQSDUDOOHO
SURFHVVLQJ
x &RPSDULVRQRIGLIIHUHQWWDUJHWWRUTXHYDOXHVVKRZHGWKDWLQGXVWULDO*DUORFNWRUTXHYDOXHVDUHEHWWHUWKDQ
$60($60(WDUJHWWRUTXHVLVJUHDWHUWKDQLQGXVWULDODQGLQDOOFDVHVMRLQWVDUHRYHUVWUHVVHGDQGLWLQLWLDWHV
\LHOGLQJHDUOLHUWKDQLQGXVWULDOWDUJHWWRUTXHV,QFDVHRILQFKIODQJHVL]HQR\LHOGLQJLVDFKLHYHGLILQGXVWULDO
WDUJHWWRUTXHVLVXVHGKRZHYHU\LHOGLQJLVDFKLHYHGLI$60(WRUTXHVLVXVHG
x +XEIODQJHILOOHWVWUHVVYDOXHUHPDLQVOHVVWKDQ\LHOGYDOXH03DRIIODQJHXVLQJFXVWRPL]HGRSWLPL]DWLRQ
FRGHIRUQR\LHOGLQJDORQJORFDWLRQDQGVKRXOGEHDGRSWHG
x *DVNHWVWUHVVLQDOOFDVHVIRUDOOWDUJHWWRUTXHVGRHVQRWH[FHHGWKHPD[LPXPDOORZHGVWUHVVRI03D
7KHUHIRUHJDVNHWFUXVKLQJGRHVQRWRFFXU+RZHYHULI\LHOGLQJLVDYRLGHGSUREDEOHOHDNDJHLVDFKLHYHGLQ
DQGLQFKVL]HVEHFDXVHRIJDVNHWVWUHVVZKLFKLVOHVVWKDQPLQLPXPGHILQHGVWUHVV
x %ROWWLJKWHQLQJSURFHGXUHDIIHFWVWKHEROWEHQGLQJEHKDYLRU8QGHU7&0HDFKEROWVKRZGLIIHUHQWEROWEHQGLQJ
EHKDYLRUZKLOHLQFDVHRI6&0EROWVWLJKWHQHGVLPXOWDQHRXVO\VKRZVLPLODUEHQGLQJEHKDYLRU
x 0DJQLWXGHRISHUIRUPDQFHSDUDPHWHUVDUHDIIHFWHGE\GLPHQVLRQDOYDULDWLRQV6PDOOIODQJHVL]HVVKRZODUJHEROW
VFDWWHUDVFRPSDUHGWRODUJHIODQJHVL]HVKDYLQJUHODWLYHO\XQLIRUPVFDWWHU7RFRQWURO\LHOGLQJGLPHQVLRQDO
FKDQJHVDUHUHTXLUHGLQIODQJHVL]HVDQG$60(WDUJHWWRUTXHVVKRXOGEHUHFRQVLGHUHGWRDYRLGRYHUVWUHVVLQJRI
IODQJHV
x &RPSDUDWLYHEHKDYLRURIDOOWKHVL]HVFRQFOXGHV6&0EHWWHUWKDQWKH7&0IRUD[LDOEROWVWUHVVYDULDWLRQIRU
XQLIRUPJDVNHWVWUHVVGLVWULEXWLRQDQGPD[LPXPVWUHVVDWKXEIODQJHILOOHW
x )XUWKHURSWLPL]DWLRQPD\EHSHUIRUPHGXQGHURSHUDWLQJFRQGLWLRQVDQGWKHFRGHPD\IXUWKHUEHXSGDWHGIRUVDIH
RSHUDWLQJFRQGLWLRQV
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